Three Mannich base ligands, Cyclohexylamine-N-methylurea (CHMU), Cyclohexylamine-Nmethylacetamide (CHMAA) and Cyclohexylamine-N-methylacetone (CHMA) and their cobalt(II), nickel(II) and copper(II) complexes were synthesized and chelating properties investigated with the view to determine the coordination modes and the stoichiometric ratio of the metal complexes. The Mannich ligands, CHMU, CHMAA and CHMA were prepared by the reaction of cyclohexylamine, formaldehyde and urea; cyclohexylamine, formaldehyde °C and acetone; cyclohexylamine, formaldehyde and acetamide respectively at 25 . They were characterized using infra-red (IR) spectroscopy. Their cobalt(II), nickel(II) and copper(II) complexes were equally prepared and characterized by infrared and UV-Visible spectroscopy. The solubilities of the ligands and their complexes in common solvents were also investigated. All the metal(II) complexes are stable in air and decomposed without melting at °C temperature>300 . The infra-red spectra of the ligands show absorption bands in the region 
Three Mannich base ligands, Cyclohexylamine-N-methylurea (CHMU), Cyclohexylamine-Nmethylacetamide (CHMAA) and Cyclohexylamine-N-methylacetone (CHMA) and their cobalt(II), nickel(II) and copper(II) complexes were synthesized and chelating properties investigated with the view to determine the coordination modes and the stoichiometric ratio of the metal complexes. The Mannich ligands, CHMU, CHMAA and CHMA were prepared by the reaction of cyclohexylamine, formaldehyde and urea; cyclohexylamine, formaldehyde °C and acetone; cyclohexylamine, formaldehyde and acetamide respectively at 25 . They were characterized using infra-red (IR) spectroscopy. Their cobalt(II), nickel(II) and copper(II) complexes were equally prepared and characterized by infrared and UV-Visible spectroscopy. The solubilities of the ligands and their complexes in common solvents were also investigated. All the metal(II) complexes are stable in air and decomposed without melting at °C temperature>300 . The infra-red spectra of the ligands show absorption bands in the region -1 -1 3450-3300cm due to (ʋN-H) stretching vibration and 1644-1636cm due to(amide ʋC=O) stretching frequency in addition to other characteristic bands. These bands experienced -1 -1 significant shift downwards to 3434cm and 1634cm respectively on coordination with the metal ions. The coordination was further confirmed by the appearance of new bands at about -1 -1
(455-534) cm and (600-645)cm which are characteristics of M-N and M-O stretching bands. The coordinating atoms however vary with the metal ion as well as the ligand. With CHMAA, copper(II)ion coordinates through the two nitrogen atoms to form four -membered rings while nickel(II) ion coordinates through the oxygen atom and one of the nitrogen atoms to form six -membered rings. Cobalt(II) ion coordinates through both oxygen and the nitrogen atoms to form four -membered rings. With CHMA, copper(II)ion coordinates through the two nitrogen atoms, nickel(II) ion and cobalt(II) ion coordinate through the oxygen atom and one of the nitrogen atoms to form six -membered rings. The results from the percentage composition of the metals in the complexes of metal-CHMU confirm the preparatory procedure of metal to ligand ratio of 1: 2 (M: L).Thus, the prepared complexes have the general formulae [ML ] .
INTRODUCTION
There had been increasing studies of Mannich base complexes over the years due to the selectivity and sensitivity of the ligands to various metal ions.The quest of a coordination chemist is directed at designing ligands and acquiring more understanding of the ways in which they complex with metal ions. Metal ion complexes act as catalysts and it is necessary to design more effective catalysts for a variety of metal catalyzed ligand reactions.
Mannich bases are β-amino carbonyl compounds produced from the condensation of ammonia or primary/secondary amine, with formaldehyde and a compound containing at least one hydrogen atom of pronounced reactivity to give an amide functional group.Mannich reaction find applications in the synthesis of many natural products and biologically important compounds, (Selva, 2013 , Visnuvardhanaraj et al., 2013 and it is one of the most fundamental and important C-C bond forming reactions in organic synthesis, (Selva, 2013) .Organic chelating ligands containing amide moiety as a functional group have a strong ability to form metal complexes and exhibit a wide range of biological activities, (Raman and Ravichandra, 2003) .
Mannich bases have played a vital role in the development of coordination chemistry, (Paul et al, 1976 , Sathya et al, 2011 , Raman and Ravichandra, 2012 . Mannich bases exhibit complexation characteristics with many transition metal ions. These complexes remain an important and growing area of research due to their simple synthesis, adaptability and diverse range of applications. Many potent antibacterial and antifungal compounds synthesized by the condensation of aldehyde, amine and amide have been reported, (Sathya et al., 2012) .
Mannich bases have also gained importance because of their technological applications in polymer chemistry, (Maurilioetal, 1988) . They are widely employed as polymers or monomeric precursors of polymers in the production of compounds with a large number of different applications in industry. Mannich bases such as aminocyclohexane -N-methyurea, (CHMU), has been used as corrosion inhibitor for mild steel in 1N H SO , by Thiraviyam et al., 2013. 2 4 aminocyclohexane N-methlyurea, has one amine group and two amide group which is very essential for an organic compound to behave as an effective corrosion inhibitor.
In this work, we report the synthesis, characterisation and the complexing properties of three cyclohexylamine-N-methyl ligands, CHMU, CHMAA and CHMA with copper (II), cobalt(II) and nickel(II) ions. Only the synthesis of cyclohexylamine-N-methylurea, CHMU has been reported in the literature.
MATERIALS AND METHODS

Materials
All the solvents used were of analytical grade and were used without further purification. 
Instrumentation
Melting points were determined in open capillary tube on a Gallenkamp melting point apparatus (England). Infra-red (IR) spectra using KBr pellets were recorded on a Perkin Elmer FTIR Spectrophotometer. The UV-Visible Spectra were recorded in the visible region from 190-900nm u s i n g Pe r k i n E l m e r 1 6 5 0 -U V-V i s i b l e Spectrophotometer.
Methods
The synthesis of cyclohexylamine-N-methyl base Mannich ligands and their Cu(II), Ni(II) and Co(II) complexes were carried out in two stages. The first stage is the synthesis of the Mannich bases while the second stage involves the synthesis of Cu(II), Ni(II) and Co(II) complexes. complexometric titrations using EDTA after digestion of the metal complexes with 1:1 nitric acid/perchloric acid. The result showed a 1:2 (metal:ligand) ratio. The results are shown in Table  5 . with distilled water and transferred into a 1L standard flask and made up to mark with distilled water.
Synthesis of Mannich
Preparation and Standardization of
iii. Ammonia/Ammonium Chloride Buffer (pH 10) 17.8 g of ammonium chloride salt was weighed and transferred into a 250 mL standard flask, 142 mL of ammonia solution was added and shaken. The solution was made up to mark with distilled water. iv. Murexide Indicator 25g of analar sodium chloride and 0.1 g murexide dye were mixed together thoroughly and kept in a bottle container. v. 0.5% Eriochrome Black T 0.5% Eriochrome Black T in Ethanol which was prepared from Eriochrome Black T, (EBT) and hydroxylamine hydrochloride.
Preparation of the Metal(II) Complexes
The metal(II) ligand complexes were all prepared in the ratio 1:2, Metal : ligand. Thus the general complexation reaction is:
Where M is the metal andL is a Mannich base ligand.
Cu(II)cyclohexylamine-N-methylurea Cu(CHMU) .
2
A methanolic solution of the Mannich base ligand CHMU (17.12 g, 0.10 moles), was added to a hot ethanolic solution of Cu(II) chloride dihydrate (8.52 g, 0.05 moles) in the ratio of 2:1, taken in a 200 ml beaker with constant stirring. The content was heated on a water bath for 1hr. The green solid product formed was filtered, washed with ethanol °C and dried in the oven at 50 . (Yield 6.10 g, 30%).All other metal (II) complexes were prepared following the same procedure as above.
Characterization of the metal(II) Complexes
The synthesized ligands and complexes were c h a r a c t e r i z e d b y s o l u b i l i t y t e s t , melting/decomposition temperature, Infra-red and UV-visible spectroscopy. The solubility tests of the compounds were carried out in ethanol, methanol, chloroform, N,N-dimethylformamide.
Percentage Metal Analysis of the Complexes
The percentage metal composition of the metal(II)-Cyclohexylamine-N-methylurea (CHMU) complexes were determined by 
RESULTS AND DISCUSSION
Yield and Physical Properties
Infra-Red Spectra
The major characteristic bands in the infra-red spectra of the Mannich base ligands and their metal complexes are listed in Table 3 .The IR spectra of the ligands, Cyclohexylamine-Nmethylurea (CHMU), Cyclohexylamine-Nm e t h y l a c e t a m i d e ( C H M A A ) a n d Cyclohexylamine-N-methylacetone (CHMA), Appendices 1-3 respectively, show strong peaks in -1 the region of 3450-3300 cm assigned to the stretching vibration of the secondary amine. The Table 4 shows data from the UV-Visible spectra of some of the metal complexes recorded in ethanol solution. The electronic spectra of the complexes are presented as Appendices 7-11. The electronic spectral bands observed from 216 nm to 259 nm result from π→ π*transitions and 300 nm to 331nm assigned to n→ π*.
UV-Visible Spectroscopy
The Co(II)-CHMU complex, (Figure 10 ) gave peaks at 515 nm and 657nm. These are most likely Co(CHMU) and the transition, T (P) ← A (F) at 2 1 2 515nm in the complex is typical of cobalt(II)complex absorption in a tetrahedral environment, (Anderson, et al) .
The Ni(II) complex, (Figure 9 ) gave bands at 659nm and 735 nm. These are attributable to they indicate octahedral geometry, (Anderson, et al) .
Percentage Composition of metals in the complexes
The percentage metal composition of the metal(II)-Cyclohexylamine-N-methylurea (CHMU) complexes were determined by complexometric titration using EDTA after digestion of the metal complexes and titration w i t h s t a n d a r Table 5 . transition, A (F) → T (P) at 515nm in the 2 1 complex is typical of cobalt(II)complex absorption in a tetrahedral environment.
The non-interaction of copper (II) ion with the oxygen atom is confirmed by the fact that the infra-red spectral band for ʋC=O for the 
π -π* n -π* All the compounds synthesized were air stable.The decomposition of the metal complexes at very high temperature without melting is an indication of the ability of the ligands to form very stable complexes.
Thecoordinating atoms of the cyclohexylamine -N-methyl ligands vary with the metal ion to give different geometries. Copper(II)ion coordinates through the two nitrogen atoms in CHMAA and CHMU, to form four-membered rings while nickel(II) ion coordinates through the oxygen atom and one of the nitrogen atoms to form sixmembered rings. Cobalt(II) ion coordinates through both oxygen and the nitrogen atoms to four-membered rings. They all form sixmembered rings with CHMA. 
